Context. The distance to the Galactic Centre (GC) is of importance for the distance scale in the Universe. The value derived by Eisenhauer et al. (2005) of 7.62 ± 0.32 kpc based on the orbit of one star around the central black hole is shorter than most other distance estimates based on a variety of different methods. Aims. To establish an independent distance to the GC with high accuracy. To this end Population-II Cepheids are used that have been discovered in the OGLE-II and OGLE-III surveys. Methods. Thirty-nine Population-II Cepheids have been monitored with the SOFI infrared camera on 4 nights spanning 14 days, obtaining typically between 5 and 11 epochs of data. Light curves have been fitted using the known periods from the OGLE data to determine the mean K-band magnitude with an accuracy of 0.01-0.02 mag. It so happens that 37 RR Lyrae stars are in the field-of-view of the observations and mean K-band magnitudes are derived for this sample as well. Results. After correction for reddening, the period-luminosity relation of Population-II Cepheids in the K-band is determined, and the derived slope of −2.24 ± 0.14 is consistent with the value derived by Matsunaga et al. (2006) . Fixing the slope to their more accurate value results in a zero point, and implies a distance modulus to the GC of 14.51 ± 0.12, with an additional systematic uncertainty of 0.07 mag. Similarly, from the RR Lyrae K-band period-luminosity relation we derive a value of 14.48 ± 0.17 (random) ± 0.07 (syst.). The two independent determinations are averaged to find 14.50 ± 0.10 (random) ± 0.07 (syst.), or 7.94 ± 0.37 ± 0.26 kpc. The absolute magnitude scale of the adopted period-luminosity relations is tied to an LMC distance modulus of 18.50 ± 0.07.
Introduction
The distance to astronomical objects is a crucial parameter, yet often very difficult to obtain with high precision. The distance to the Galactic Centre (GC) is of special importance, e.g for dynamics (Oort constants, determining distances using a rotation model), or for calibrating standard candles. The classically accepted value comes from the review by Reid (1993) and is R 0 = 8.0 ± 0.5 kpc.
Over the last few years the distance to the GC based on the orbit of the star called S2 around the central black-hole (BH) has caught attention. Initially, Eisenhauer et al. (2003) derived a value of 7.94 ± 0.42 kpc which was revised by Eisenhauer et al. (2005) to 7.62 ± 0.32 kpc having more epochs of data
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available. The neglect of post-Newtonian physics in these analysis may have lead to an underestimate of the distance by about 0.11 ± 0.02 kpc (Zucker et al. 2006) , leading to a current best estimate of 7.73 ± 0.32 kpc (corresponding to a distance modulus (DM) of 14.44 ± 0.09) to the GC based on the BH.
On the other hand, most other recent distance determinations give a longer distance, more in line with the classical value: (1) High-amplitude delta-scuti stars give 7.9 ± 0.3 kpc (McNamara et al. 2000) ; (2) RR Lyrae stars suggest a value of 8.8 ± 0.3 kpc (Collinge et al. 2006) , 8.3 ± 1.0 kpc (Carney et al. 1995) or 8.0 ± 0.65 kpc (Fernley et al. 1987) . Clouds, Groenewegen & Blommaert (2005) find a distance in the range 8.5 to 9.0 kpc, in agreement with earlier work on Miras (Catchpole et al. 1999 ); (5) Analysis of the Hipparcos proper motions of 220 Cepheids lead to R 0 = 8.5 ± 0.5 kpc (Feast & Whitelock 1997) ; (6) Modelling the observed colourmagnitude diagram in V, I and J, K using a population synthesis code, Vanhollebeke et al. (2008) derive a distance of 8.60 ± 0.16 kpc.
With the exception of some Red Clump based distances, the results obtained by Eisenhauer et al. imply a much shorter distance to the GC than found by most other methods, and this calls for an independent investigation of this matter.
In this paper the distance to the GC is determined using Population II Cepheids (hereafter P2C) discovered in the OGLE micro-lensing survey, and for which the mean Kband magnitude will be determined by infrared monitoring. Comparing to the calibrated P2C period-luminosity (PL) relation in the K-band from Matsunaga et al. (2006; hereafter M06) then provides the distance, after correction for reddening.
In addition, the mean K-band magnitude will be determined for RR Lyrae stars that are in the field, and compared to the calibrated K-band PL-relation from Sollima et al. (2006) . The Matsunaga et al. and Sollima et al. relations both imply an LMC DM of 18.50 as detailed in Sect. 5.
In Sect. 2 the sample is discussed, and the observations are presented in Sect. 3 for the P2C and Sect. 3 for the RR Lyrae. The results are discussed in Sect. 5.
The sample of Population II Cepheids
Population-II Cepheids are old, low-mass stars. They are the progeny of hot HB stars that after the exhaustion of core Heburning, move toward lower effective temperatures (post-early AGB), thus crossing the Cepheid instability strip. They are systematically brighter than RR Lyrae stars and have periods ranging from slightly below one to a few tens of days Kubiak & Udalski (2003; hereafter KU) have searched the OGLE-II database for P2C Cepheids and found 54 objects. KU determined a period-luminosity relation in the reddening-free Wesenheit index (based on V, I photometry) and compared it to P2C Cepheids in the LMC. The difference in DM at a typical period of log P = 0.5 is 3.58. By assuming a DM for the LMC of 18.5 (50.1 kpc) the distance to the GC P2C becomes 9.6 kpc (with a substantial error bar of 1.5 kpc). This places the objects nominally in the GB region. Additional evidence is that KU found these objects to be located in a bar (see their Fig. 2 ), like the RR Lyrae (Collinge et al. 2006 ), a strong indication that the P2C Cepheids indeed are physically part of the GC region. These properties gave us the confidence that determining individual distances to these objects would indeed provide an accurate distance determination to the GC.
A subset of stars was selected based on the following criteria: The I-band light curves of these stars were inspected and only "smooth" ones were retained that show no or little effect of shocks in the atmosphere (Figure 1 shows two examples) . The range in Galactic longitude was largely restricted to -2.5 < ∼ l < ∼ +2.5 degrees to avoid any additional smearing in distance due to the effect of the inclination of the bar. The entire period range from 0.8 to ±10 days should be covered. OGLE I-band images were inspected for crowding. In a later stage, it was also possible to extent the sample with the first results from the ongoing OGLE-III survey and a sample of 70 new P2C in the longitude range -2.5 to +2.5 degrees could be added. After inspecting the light curves and I-band images of these stars as well, a final combined sample of 49 stars remained, of which 39 were actually monitored.
The basic properties of the sample are listed in Table 1 in the first columns: Identification, R.A., Declination, pulsation period, galactic coordinates.
The observations
The observations were carried out with the SOFI infra-red camera on the 3.5m NTT on ESO/La Silla in the nights of 2007, June 24, 28, July 3, 8 in visitor mode.
Photometric conditions were excellent on the second and third night with seeing as low as 0.6 ′′ and the telescope was actually defocused. Weather conditions were poorer on the first and last night with seeing in the range 1.5-2 ′′ and cirrus and thin clouds. As the measurements of the P2C will be relative to the 2MASS objects in the field this additional extinction did not influence this program.
Typically it was tried to observe the longest period ( > ∼ 7 d) Cepheids at the beginning and end of the night, the intermediate period ones ( > ∼ 3 d) three times per night, and the shorter period ones were observed one after the other over the entire night. In total we obtained 362 epochs of data of 39 P2C.
Images in the K s band (hereafter simply K-band) were taken with the shortest possible on-chip integration time of DIT= 1.2 seconds using a pixel-scale of 0.288 ′′ and resulting in a field-of-view of almost 5×5 arcmin 1 . The "auto-jitter" observing block (OB) was used with 9-13 exposures. The relative large number was used to have sufficient redundancy in creating a sky image in these relatively crowded fields. The K-band was chosen for the observations as the dispersion in the P Lrelation is smaller in that band than in J or H (M06).
The data were reduced with the newly released SOFI data reduction pipeline 2 . The pipeline takes into account the crosstalk, the flat-field (dome flats taken with a special OB), bad pixel cleaning, and images correlation and reconstruction.
The reduced images were trimmed to the original 1024 × 1024 pixel size to eliminate the under exposed edges. The astrometric solution was done using the WCSTools suite 3 matching the stars in the field against the 2MASS catalog. Typically several tens of 2MASS objects are available and the rms in the solution typically is 0.2 ′′ . Source extraction and PSF photometry was done using version 1.3 of DoPhot (Schechter et al. 1993) . A dedicated Fortran program was written to match the 2MASS objects with the sources in the field, and determine the offset between the instrumental magnitude and the 2MASS K s -band magnitude. The brightest and faintest 2MASS objects were excluded to avoid problems of saturation in the SOFI images and poor quality 2MASS data. A straight line was fitted to the data, and this determined the offset to be applied to the SOFI instrumental magnitudes to put them on the 2MASS system (an example is shown in Fig. 2 ). The typical error in the determination of this offset is 0.006 mag, and this is added in quadrature to the error in the instrumental magnitude for each star to give the total error in the observed magnitude.
This error is verified by comparing the magnitudes over the different epochs for field stars and estimating the precision with which the mean magnitude can be determined.
After having determined the photometric offsets, the light curves of the P2C could be constructed. The light curves were then fitted with a sine-function with the known period from the OGLE data, and this allowed the determination of the mean K-magnitude with high precision. Figure 3 shows the (phased) light curve for two P2C Cepheids with a short and long period in the sample. The last three columns of Tab. 1 list the mean K-band magnitude, the precision in this determination and the number of epochs. Collinge et al. (2006) present a catalog of 1888 fundamentalmode RR Lyrae stars in the OGLE fields. It was verified which of them happen to be located in the SOFI fields of view, and for those the K-band light curve was extracted, and fitted with a sine-curve with the known period. sponding reddening for that field is taken (see below). The last columns lists the mean magnitude, the error, and the number of epochs. Figure 4 shows the light curve for 2 stars.
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Analysis
P2C: K-band PL-relation
The K-band magnitudes are de-reddened using the model by Marshall et al. (2006) . They present 3-dimensional K s -band extinction along 64 000 lines of sight at a resolution of 15 ′ in typically four distance bins. Using VizieR 4 the available data within 20
′ radius of the targets were retrieved. The mean and dispersion was determined of the A K values in the bin that correspond to a distance larger than 4 kpc (for 2 stars a smaller distance had to be adopted). Table 1 lists in Columns 7-9 the mean, dispersion and the number of data points used.
Columns 10 of this table list the A K value derived by multiplying by 0.12 (based on the reddening law of Cardelli et al. 1989 ) the A V value for the OGLE-II GB fields by Sumi (2004) .
Based on the MACHO survey towards the GB Popowski et al. (2003) derive visual extinction for 9717 elements at a resolution of about 4
′ . The available data within 5 ′ radius of the tar- gets was retrieved. The mean and dispersion was determined, and multiplied by 0.12 to obtain the K-band extinction, which is listed with the number of elements used as Columns 11-13 in Table 1 .
The comparison of the reddenings based on the Marshall et al. model and the values from Sumi and Popowski et al. suggest that there are no systematic effects and that the error in the adopted reddening is realistic.
The observed K-magnitudes are then de-reddened, and Fig. 5 shows for the P2C the observed period-luminosity relation in the K-band, together with the best-fitting line (excluding the cross), K 0 = (−2.24 ± 0.14)(log P − 1.2) + (10.578 ± 0.099), with an rms of 0.41 mag. This is based on a weighted least-squares fit, where the error in A K is added in quadrature to the error in K. Eliminating the possible three outliers near a period of 1.3 days gives a slope of −2.41 ± 0.08 and a ZP of 10.529 ± 0.059 with an rms of 0.28 mag.
This dispersion is largely due to the intrinsic depth of the Bulge which is of the order of 1 kpc (e.g. Babusiaux & Gilmore 2005) , and was already seen in the dispersion around the Wesenheit P L-relation by KU.
Plotting the residuals versus galactic longitude and latitude suggested a slight dependence on these parameters, and a general linear fit was made (excluding only one object): The slope agrees within the error bar with that of the P Lrelation derived by M06 which is also on the 2MASS system: M K0 = (−2.41 ± 0.05)(log P − 1.2) + (−4.00 ± 0.02) with a dispersion of 0.14 mag. In order to derive the distance to the GC a Monte-Carlo simulation was performed. Data sets with new values for A K and K were generated based on the mean values and (Gaussian) errors listed in Table 1 , and unweighted fits were made for a fixed slope of −2.41. This results in a zero point (ZP) of 10.512 ± 0.013.
The DM to the GC therefore is 14.51 ± 0.02, corresponding to 7.99 ± 0.09 kpc. The error takes into account the precision in our ZP and the error in the ZP of the M06 relation.
Even adding in quadrature an additional 0.015 mag to the error on the photometry (allowing for an underestimate of the adapted error on the transformation from instrumental magnitude to the 2MASS system), and doubling the error on the A K value (with a minimum error of 0.03) increases the formal error bar on the derived ZP only to 0.025 mag, and the error on the DM to 0.03 (0.12 kpc).
P2C: the Wesenheit-index PL-relation
An alternative method to derive the distance is to use a reddening-free Wesenheit index. The most appropriate one is W IK = I − α(I − K) as the I-band magnitudes are available from OGLE. Unfortunately the available I-band data (Pritzl et al. 2003) for stars with K-band data in M06 is insufficient to derive an empirical relation, but one can use theoretical P Lrelations as derived in several bands by Di Criscienzo (2007). These theoretical relations are in good agreement with observations: The slope of the theoretical I-band P L-relation, −2.10±0.06, is in agreement with the observed one of −2.03± 0.03 (Pritzl et al. 2003) , while In the K-band the theoretical slope of −2.38 ± 0.02 is in good agreement with the observed −2.41 ± 0.02 in M06. For an assumed mixing length parameter of 1.5, one needs to adopt a fiducial [Fe/H] value of −1.63 in the theoretical P L-relation to obtain the observed I magnitude at a typical period of log P = 0.5 (Pritzl et al. 2003) , and similarly a fiducial [Fe/H] of −2.55 to obtain the observed K magnitude at log P = 0.5 (M06).
The theoretical relation is, depending on the coefficient α in the Wesenheit-relation (Di Criscienzo, private comm. A potential complication is that the theoretical relation is derived for the Bessell & Brett (1988) photometric system, while in particular the OGLE I-filter is slightly non-standard. An appropriate transformation is applied to both the 2MASS K, and OGLE I to the Bessell & Brett system. It turns out however that for the typical (V − I) colours of the P2C in the observed fields and the particular value of the slope in the Wesenheit-index the corrections largely cancel, and the effect on the derived ZP is minimal.
For α 1 the derived slope from the observations is −2.25 ± 0.17, for α 2 −2.27±0.18. The agreement between the observed and theoretical slopes is less good (about 1.6-1.7σ deviation) than that in the K-band (only 1.3σ deviation).
When the slope is fixed to the theoretical value one obtains ZPs of 13.19 ± 0.01 and 13.04 ± 0.01, respectively, based on a Monte-Carlo simulation. Depending on the reddening law adopted one obtains a DM of about 14.44 (7.73 kpc), or 14.33 (7.35 kpc) with an internal error bar of 0.04 mag (0.14 kpc). Sollima et al. (2006) derive an empirical PLK-relation based on 15 GC and the LMC cluster Reticulum, which for a metallicity of [Fe/H]= −1.0 (the average metallicity of RR Lyrae in the GB, see Walker & Terndrup 1991) , reads M K = (−2.38 ± 0.04) log P − (1.13 ± 0.13), which was calibrated against the trigonometric parallax of RR Lyra (Benedict et al. 2002) .
RR Lyrae
Removing five bright outliers the PL-relation becomes (cf. Figure 6 ):
K 0 = (−1.36 ± 0.49) log P + (13.63 ± 0.17) Fig. 6 . The K-band PL-relation for the RR Lyrae stars in the Bulge. The line is a best-fit excluding the outliers labeled in Table 2 which fall outside the plot. The dotted line is the fit for a fixed slope of −2.38.
The error in the derived slope is large but formally agrees within 2σ with the empirical slope by Sollima et al. For a fixed slope of −2.38, the ZP becomes 13.39 ± 0.13 (based on a Monte-Carlo simulation), resulting in a DM of 14.52 ± 0.18 (8.0 ± 0.7 kpc).
Discussion
The P L-relation in the K-band of P2C in the GB is derived. The slope is found to be in agreement with that derived by M06. Fixing the slope to their more accurate value implies a DM to the GC of 14.51 with a formal error bar of 0.03.
There is also the systematic error bar to consider. M06 presented JHK period-luminosity relations based on 46 P2C with periods between 1.2 and 80 days in 26 Galactic globular clusters (GCs). For the absolute magnitude scale they adopted a relation between absolute V -magnitude of the Horizontal Branch and metallicity (Gratton et al. 2003) , which in turn is calibrated using main-sequence fitting to three GCs. This calibration implies an RR Lyrae based LMC DM of 18.50 ± 0.09 (Gratton et al. 2003) . M06 show that the DM based on P2C in the LMC and their K-band P L-relation is also compatible with 18.5.
They also show that there is no significant trend with metallicity over the range −2.2 < ∼ [Fe/H] < ∼ −0.5, in agreement with theoretical predictions (Bono et al. 1997 , Di Criscienzo et al. 2007 , and indicating that this K-band P Lrelation should be applicable for GC P2C as well. The metallicity of the P2C in the Bulge is unknown but that of RR Lyrae is estimated to be on average The ZP in the calibrating relation by Gratton et al. has a formal error of 0.07 and this has to be considered as a source of systematic uncertainty in the derived distance.
There is other source of (random) error to consider, namely how representative this particular set of 39 stars (minus the one outlier) that defines the P L-relation is in view of the fact that they scatter along the line-of-sight due to the intrinsic depth of the Bulge. To simulate this, additional Monte-Carlo simulations were carried out. Random samples of 38 stars were selected from the original sample, and the P L-relation rederived. The dispersion in the ZP is about 0.11 mag. This is likely a slight overestimate as in this approach the randomly drawn samples do not necessarily have the large spread in period that the true sample was selected to have.
The DM to the GC we derive based on the P2C is 14.51 ± 0.12 (random) ± 0.07 (syst). The random error could be improved further by observing additional systems when the full OGLE-III database becomes available.
Based on the serendipitously observed RR Lyrae stars in the field a DM of 14.52 ± 0.18 is derived. The error bar is for 50% due to the uncertainty in the adopted absolute magnitude of RR Lyra itself (Sollima et al.) . Their PL-relation led to an LMC distance of 18.54 ± 0.15. If instead we would assume the LMC distance to be 18.50 (to be consistent with the P2C calibration) then we would find a DM of 14.48 ± 0.13 (random) ± 0.07 (syst), were the systematic error comes from the uncertainty in the ZP of the observed LMC PL-relation. Like for the P2C sample, there is an additional 0.11 mag systematic uncertainty due to the limited sample size. The final DM to the GC based on the K-band RR Lyrae stars is 14.48 ± 0.17 (random) ± 0.07 (syst).
As the two distance estimates are derived independently, they can be averaged and the best empirical estimate of the DM to the GC based on the current data is 14.50 ± 0.10 (random) ± 0.07 (syst).
The theoretical WIK relation gives a formal result of 14.44 (or 14.33 with anomalous reddening) with an internal error bar of 0.04 mag. A random error of 0.11 has to be added to this, due to the limited sample, and as the theoretical relation is tied to the observed relations of M06 a similar systematic error bar of 0.07 has to be considered.
Although within the error bar of the purely empirical results, it brings up the question of reddening and the reddening law. An additional absorption in K of 0.1 mag would bring all three methods in very good agreement. On the other hand, the reddening estimates listed in Table 1 are in excellent agreement and are based on (J − K) colours (Marschall et al. 2006) , (V − I) (Sumi 2004) , and (V − R) (Popowski et al. 2003) . If the absorption in K were underestimated, it would also imply an underestimate of the reddening in the other maps, or a significantly higher selective reddening A K /A V ∼ 0.16 instead of 0.12.
A final remark is that independent distances to some of these P2C may be obtained using surface-brightness relations (e.g. Groenewegen 2004 ) and the Baade-Wesselink technique. This would require better sampled K-band light curves than were needed for the present study and well-sampled radial velocity curves. Although observationally expensive it would give an improved understanding on the systematic error in the present analysis.
